For the calculation of seasonal efficiency and primary energy demand of a heat generation sub-system, a European reference standard (EN 15316-4-1) is available. Two of its methods of calculation are adopted by a specific Italian standard (UNI TS 11300-2). The input data necessary for the application of these methods are often unavailable, and so it is necessary to turn to tabulated data or to data derived from correlations provided by the standard itself. Here we evaluate the effects due to the usage of input data provided by the manufacturers in comparison to those proposed by UNI TS 11300-2. This comparison is carried out for a case study, an apartment provided with a natural gas condensing boiler. The discussion clearly demonstrates the importance of a deep characterization of the heat generator in the calculations of the primary energy consumption.
Introduction
Average seasonal efficiency and primary energy demand of buildings for space heating and production of domestic hot water (DHW) requires the calculation of losses and efficiency of the generation sub-system. For this purpose in Europe a reference standard is available, EN 15316-4-1 [1] , which offers three different calculation methods. Two of them are adopted in Italy by UNI TS 11300-2 [2] .
A comparison of these methods, already discussed in previous works [3] [4] [5] , showed significant differences in terms of losses of energy to flue gases and to the ambient, consumptions and recovery of auxiliary electric energy, monthly and seasonal efficiency of the generation sub-system. The analysis carried out in [3] [4] [5] also suggested that the input data necessary for the application of the two methods are often not available, and so it is necessary to turn to tabulated data or to data derived from correlations provided by the standard itself.
Here we want to evaluate whether there are and how much are significant, differences in the input data provided by the manufacturers or proposed by UNI TS 11300-2 [2] . In particular we want to evaluate how much significant are the differences between the results obtained with the two methods when using these different input data set (manufacturers or standard). The comparison is carried out for a case study, an apartment in Ferrara provided with a natural gas condensing boiler of small size. Specifically, for both methods of UNI TS 11300-2 [2] , the calculation of losses and efficiency of the generation sub-system is repeated for three different cases: a) the whole set of input data from the standard; b)
part of the input data provided by the manufacturer and part from the standard; c) the whole set of input data provided by the manufacturer. 
Calculation methods
The standard EN 15316-4-1 [1] proposes three simplified calculation methods to evaluate losses and efficiencies of boilers powered by liquid or gaseous fuels. This standard [1] is the reference for the analysis of heating generation sub-systems, and is part of a set of standards on calculation methods for determining energy requirements and efficiencies of space heating and DHW systems.
Two of the three method of EN 15316-4-1 [1] are adopted by UNI TS 11300-2 [2] ; specifically they are:
Method 1: Case specific boiler efficiency method. This method is based on the data related to the Council Directive 92/42/EEC about boiler efficiency, primarily intended for new or recent boilers for which this data are available. Supplementary data are needed in order to take into account the operation conditions approximated by typology of the considered region. The calculation time interval can be the heating season but may also be a shorter time. The method can be used if the relevant values are given in an appropriate national annex [2] . Method 2: Boiler cycling method. This method distinguishes in a more explicit way the losses of a generator occurring during boiler cycling (I.e. combustion losses). Some of the parameters can be measured on site. This method is well adapted for existing buildings and to take into account condensation heat recovery according to operating conditions.
A full analysis of the two methods is not given here, where just a short description of the procedures is reported. For a more detailed discussion of the two methods, see [1] [2] [3] [4] [5] .
Method 1 (Case specific boiler efficiency method) is based on the following steps: a) Data are collected for three basic load factors or power outputs: -gn,Pn efficiency at 100 % load; -gn,Pint efficiency at intermediate load; -gn,l,P0 losses at 0% load. b) Data on efficiency and losses are corrected according to the boiler operating conditions (f.i. temperature). c) Losses at 100% load, gn,l,Pn,corr , and at intermediate load, gn,l,Pint,corr , are calculated according to the corrected efficiencies. d) Power losses at the actual power output comes from a linear or polynomial interpolation between the losses for the three basic power outputs. e) Auxiliary energy consumptions are calculated at the actual power output of the boiler. f) Recoverable thermal losses from the generator envelope are calculated according to a tabulated fraction of standby heat losses and boiler location. g) Recoverable energy from auxiliaries is added to recoverable thermal losses from the generator envelope to provide the total recoverable thermal losses.
Method 2 (Boiler cycling method) is based on the following steps:
a) The operation time is divided in two parts: burner on operation, t on , and burner off operation (stand-by), t off . b) Thermal losses are considered separately for these two periods. When the burner is on, the thermal losses taken into account are: the heat of flue gas with burner on, Q ch,on , and the thermal losses through the generator envelope, Q env . When the burner is off, the thermal losses taken into account are: the heat of air flow to the chimney, Q ch,off , and the thermal losses through the generator envelope, Q env . c) Auxiliary energy is considered separately for devices before and after the combustion chamber: the auxiliary energy, W br , required by components and devices that are before the combustion chamber following the energy path (f.i. burner fan), typically running only when the burner is on; the auxiliary energy, W af , required by components and devices that are after the combustion chamber following the energy path (typically primary pump), typically running during the whole operation time of the boiler. d) Auxiliary energy transformed into heat and dissipated to the heated space may be considered separately and added to the recoverable thermal losses.
Input data
Method 1 (Case specific boiler efficiency method) needs two family of data input: on the boiler and on the actual operating conditions.
To characterize the boiler the following data are requested:
at full load: power output, efficiency, average water temperature at test conditions and power consumption of auxiliary devices; at the intermediate load: power output, efficiency, average water temperature at test conditions and power consumption of auxiliary devices; in stand-by: heat losses at the test temperature difference, difference between mean boiler temperature and test room temperature at test conditions, power consumption of auxiliary devices.
These data are taken in priority order from the specifics of the manufacturer or from the annexes of the standard [2] . To characterize the actual operating condition, the following values are necessary: heat output to the distribution sub-system, average water temperature in the boiler or return water temperature for a condensing boiler, boiler room temperature and temperature reduction factor depending on the location of the boiler.
Method 2 (Boiler cycling method) needs two family of data input: on the boiler and on the actual operating conditions.
To characterize the boiler the following data are requested: combustion power of the boiler, reference power for the heat loss factors (commonly equal to the combustion power), heat loss factors at the test conditions (distinguished between losses to the chimney and to the envelope), electrical power consumption of the auxiliary appliances (distinguished between before and after the gas burner), average boiler water temperature at the test conditions and temperature of the test room.
For multistage or modulating boilers, the following additional data are required: minimum combustion power, heat loss factor at minimum combustion power, electrical power consumption of auxiliary appliances (before the generator) at minimum combustion power.
For condensing boilers, the following additional data are required: temperature difference between boiler return water and flue gas and dry flue gas oxygen contents.
For condensing multistage or modulating boilers, the following additional data are required: temperature difference between boiler return water and flue gas at minimum combustion power and flue gas oxygen contents at minimum combustion power.
To characterize the actual operating conditions the same data of Method 1 are necessary.
Case study and Input Data
The two methods for the determination of the losses of a generation sub-system, proposed by UNI TS 11300-2 [2] are applied to a Case Study. As the Case Study a flat of 93.5 m 2 net floor area, located on the top floor of a building of the late sixties in the city of Ferrara, is considered. The apartment is equipped with a small natural gas condensing boiler, placed inside the heating space. For this analysis, it is considered that the boiler is used for space heating but not for DHW production.
The annual thermal energy need for heating is calculated according to UNI TS 11300 [2, 6] starting from the heating requirements of the building and going up through the sub-systems of emission, regulation and distribution until to the boiler.
One of the objective of this paper is to evaluate whether there are and how much are significant, differences between the input data supplied by the manufacturers and those found in UNI TS 11300-2 [2] . For this reason an analysis of the input data required by the two methods is made for the Case Study. Specifically, in Tab. 1 are shown the input data required to characterize the boiler by the two methods for three different cases: a) all input data obtained from the standard; b) part of the data provided by the manufacturer and part obtained from the standard; c) all data provided by the manufacturer.
The available data shown in Tab.1 come from the data sheets of a primary European company and the different number of parameters corresponds to data sheets subsequent in time.
For Method 1 (Case specific boiler efficiency method) the comparison shows that:
-The efficiency of the generator at full load found in the standard [2] is lower than that provided by the data sheet of the manufacturer at the same reference temperature (80-60°C). -The efficiency of the generator at intermediate load found in [2] is much lower than that provided by the manufacturer. It should be noted that the generator efficiency at intermediate load found in [2] refers to an average water temperature of 35°C while the manufacturer refers to an average water temperature of 40°C. However this difference does not justify the large difference between the efficiency values. -The electrical power consumption of auxiliary appliances at full and intermediate load provided by the standard [2] are about twice those provided by the manufacturer.
For Method 2 (Boiler cycling method) the comparison shows that:
-The main difference between the input data found in the standard [2] and that provided by the manufacturer are in the heat losses toward the chimney, equal to 10% and 12% and to 1.9% and 0.6%, at the full and intermediate load, respectively. -The electrical power consumption of the auxiliary appliances at full and intermediate load given in [2] are much larger than that provided by the manufacturer.
The comparison the two methods shows also that the data required to characterize the boiler are deeply different, with a limited number of overlaps (Tab. 1). The only data required by both methods are: the average water temperature, the test room temperature at test conditions and the electrical power consumption of auxiliary appliances at full and intermediate load, even if Method 2 distinguishes between before and after the boiler. It is interesting to observe that the values of electrical power consumptions of the auxiliary appliances calculated with the correlations given by the standard [2] are different for the two methods. The electrical power consumption of the auxiliary appliances at full load is equal to
In addition to the input data concerning the boiler, further data are needed to characterize the actual operating conditions. The data required are the same for both the methods. The first data required is the heat output to the distribution sub-system. For the present analysis we considered a monthly energy need of 7154 kWh (characteristic of January). The heating system is equipped with a variable flow rate pump; the flow and return temperatures are thence constant and equal to 50 and 30°C, respectively. The boiler is placed inside the heating space; the boiler room temperature is then 20°C and the temperature reduction factor depending on the location of the boiler is equal to zero. 
Results and Discussion
The two methods proposed by UNI TS 11300-2 [2] for the determination of the losses of a generation subsystem, are applied to the Case Study described in Par.4. This thermal plant is equipped with a variable flow rate pump; the boiler flow and return temperatures are constant and equal to 50 and 30°C, respectively. The calculations are thence performed taking as the reference the monthly thermal energy need for heating of January, reduced up to 10% by a factor K, used in the discussion of the results. In Figures 1-5 are shown the results concerning: thermal losses, auxiliary energy consumptions, recoverable energy, energy requirement and monthly efficiency.
Thermal losses
Method 1. The thermal losses of the boiler (Fig. 1) are calculated on the basis of the boiler efficiency adjusted for the actual operating conditions. Figure 1 shows a significant difference between Case a and Cases b and c, these latter characterized by very similar results. This difference is mainly due to the different values of efficiency at nominal and intermediate loads given in [2] and by the manufacturer (Tab. 1). The difference between Cases b and c is very low and appreciable only for low values of K. This is due to the stand-by heat loss at 0% load, given in [2] equal to 0.38 kW in Case b, provided by the manufacturer equal to 0.024 kW in Case c. The negative values of thermal losses shown by the Cases b and c mean that the condensation of the water vapor contained in the flue gas occurs. This results is confirmed in Fig. 5 .
Method 2. The thermal losses of the boiler (Fig. 1) are calculated as the sum of those through the chimney and the generator envelope. These are calculated as a correction for the actual operating conditions of the losses at test conditions. As shown in Fig. 1 , Method 2 shows thermal losses very different for the Cases a, b and c. For Case a, the thermal losses are very high and this is due to the high thermal losses through the chimney at the test conditions given in [2] , equal to 10% and 12% at nominal and intermediate load, respectively. For Case b, the losses, even if significant, are lower than for Case a. This depends on the fact that the losses at nominal power are provided by the manufacturer (1.9%) and are low if compared to [2] (10%). For Case c, both the losses at nominal and intermediate loads are provided by the manufacturer; these values are equal to 1.9% and 0.6%, respectively, low if compared to [2] (10% and 12%, respectively). Due to the water temperature, the condensation of the water vapor in the flue gases occurs. The recovery of latent heat of condensation calculated according to the method is about 5-7% of the losses. Nevertheless, in Cases a and b the losses are positive because the chimney losses given in the standard [2] (10-12%) are higher than the recovery of latent heat of condensation.
Auxiliary energy consumption
Method 1. The auxiliary energy consumption (Fig. 2) is strictly related to the power of the auxiliary devices at nominal and intermediate loads and in the stand-by phase. Cases a and b, for which the values of power are taken in [2] , show the same results (Fig. 2) . For Case c the data given by the manufacturer are lower than in [2] (119 W against 206W and 35 W against 68W, at nominal and intermediate loads) and the results are significantly different. The energy consumption of the auxiliary devices calculated by following [2] is about twice that calculated with the data of the manufacturer. The latter does not provide the power of the auxiliary devices in stand-by and consequently, for Case c, the value found in [2] is used.
Method 2. In this model the auxiliary energy consumption (Fig. 2) depends on the power of the auxiliary devices but also on the average combustion power of the boiler which, in turn, depends on several factors such as the energy losses and the recovery of latent heat of condensation. For this reason, even if for Cases a and b the parameters are taken in [2] , the results are slightly different (Fig. 2) . This difference varies from 8% to 22%, depending on K. Much more significant differences occur between Cases a and b and Case c, mainly due to the different values of the power of the auxiliary devices given in [2] and by the manufacturer. According to [2] the total power of the auxiliary devices is 357 W, while for the manufacturer is 119 W. It is interesting to note that the standard [2] provides different values depending on the method (206 W for Method 1 and 357 W for Method 2).
Recoverable energy
Method 1. The monthly recoverable energy (Fig. 3) is given by the sum of the contributions of both the auxiliary devices and of the envelope of the boiler. The recovery from the auxiliary devices is equal to the 25% of their energy consumptions. For this reason Cases a, b and c show differences proportional to their auxiliary energy consumptions. The whole heat loss from the envelope of the boiler is recovered, because the boiler is located inside the heating space. In stand-by conditions the heat loss through the envelope is equal to 75% of the thermal losses. For Cases a and b the energy recovered from the envelope of the boiler is equal, because the thermal losses in standby conditions are calculated on values given in [2] . For the Case c the energy recovery from the envelope is lower than for Cases a and b; this is due to the low stand-by losses provided by the manufacturer (24 W instead of 380 W). Method 2. As for the Method 1, the total recoverable energy (Fig. 3) is given by the sum of the contributions of the auxiliary devices and of the envelope of the boiler. The recovery from the auxiliary devices is equal to the 25% of their energy consumptions. For this reason Cases a, b and c show differences proportional to their auxiliary energy consumptions. Since the boiler is located inside the heating space, the heat loss recovered from its envelope is equal to 90% of the thermal losses. The differences between Cases a, b and c depend on the thermal losses through the envelope. In particular for Cases b and c the same energy is recovered from the envelope of the boiler, because this is calculated on data given by the manufacturer. For Case a the energy recovered from the envelope is higher; this is due to the low losses through the envelope given by the manufacturer (0.5% instead of 1.5%).
Energy requirement
Method 1. The total energy requirement (Fig.4) is given by an energy balance of the generation sub-system. In more details its calculation is based on two contributions: the heat output to the distribution sub-system and the net energy due to thermal losses and recoveries of energy. Cases a, b and c, show differences reflecting what we found in the calculations of losses and energy recoveries (Figs. 1-3) . Heat losses and energy recoveries (Figs. 1 and 3 ) show significant differences. On the contrary the differences found for the total energy requirement are low because losses and recoveries are very lower than the energy output. The differences between the three Cases (a, b and c) are rather small. Between Case b and c the difference is less than 1%. Between Case a and Cases b and c, this varies from 7 to 11%, depending on K.
Method 2. The total energy requirement (Fig.4) is given by an energy balance of the generation sub-system. As for the Method 1, Cases a, b and c show differences reflecting what we found in the calculation of losses and energy recoveries (Figs. 1-3 ). Heat losses and energy recoveries (Figs. 1 and 3 ) show significant differences. On the contrary the differences found for the total energy requirements are low because losses and recoveries are very lower than the energy output. The differences between the three Cases (a, b and c) are rather small. Between Case b and c the difference is less than 1%. Between Case a and Cases b and c the differences vary from 8 to 13%. 
Monthly efficiency of the generation sub-system
Method 1. The monthly efficiency of the generation sub-system (Fig. 5) is the ratio between the monthly heat supplied to the distribution sub-system and primary energy requirement (fuel input and auxiliary electric energy). Cases a, b and c show different results. These differences are mainly due to the different energy requirements of the generation sub-system and only in lower measure to the auxiliary energy consumptions. The monthly efficiency is a ratio of two similar numbers, because the losses and the electric consumptions are always low. In this situation just a little difference could produce large effects. Figure 5 shows a significant difference between Case a and Cases b and c, the latter characterized by very similar results. This difference is mainly due to the lower values of efficiency at nominal and intermediate loads proposed in [2] when compared with those provided by the manufacturer (Tab. 1). The difference between Case b and c is very low and appreciable only for low values of K. This is due to the standby heat losses at 0% load (0.38 kW in Case b, 0.024 kW in Case c). Cases b and c show the occurrence of the vapour condensation in the flue gas(monthly efficiency greater than 100%). This results is confirmed in Fig. 1 . Method 2. The monthly efficiency of the generation sub-system (Fig. 5) is the ratio between the monthly heat supplied to the distribution sub-system and the primary energy requirement (fuel input and auxiliary electric energy). The discussion on the results of Method 1 can be extended to Method 2. Figure 5 shows significant differences between Case a and Cases b and c. These are mainly due to the thermal losses (Fig. 1) . In particular the main differences occur between Cases a and c. This is due to the high thermal losses through the chimney at the test conditions given in [2] (10% and 12% at nominal and intermediate load). Those provided by the manufacturer are lower (1.9% and 0.6%, respectively). For the whole set of cases the change in the trends is due to the transition of the burner from modulation to on/off regulation at cn,min .
Concluding remarks
The models proposed by EN 15316-4-1 [1] , and adopted in UNI TS 11300-2 [2] , for the calculation of losses and efficiency of a generation sub-system, have been studied. A numerical code has been developed enabling all the information necessary to be obtained in studying the process. In particular the differences arising from the utilization of the input data provided by the manufacturers or those proposed by UNI TS 11300-2 [2] were evaluated.
The Case specific boiler efficiency method (also indicated as Method 1) shows values of monthly efficiency always higher than the Boiler cycling method (also indicated as Method 2). This difference is particularly large when the input data provided by the manufacturers are mixed to those proposed by UNI TS 11300-2 [2] .
Both the models gives monthly efficiencies quite independent of the load factor. The minimum/maximum difference is of about 3-5 percentage points.
When a large number of data is taken from the standard, the monthly efficiency of the generation sub-system is low, independently of the method. It is clearly evident that the input data set given by the standard is precautionary. Conversely, for data provided by the manufacturer, the monthly efficiency is high. In this case for good input data the two methods tend to give very near results.
Finally, it is clearly demonstrated the importance of the characterization of the heat generators and the role played by this characterization in the calculations of primary energy consumptions. When full data sets are available by the manufacturer, both the methods proposed by UNI TS 11300-2 [2] give near results.
